


ha: 2g A aaa oS sar 19 We 
: i | | | | AT 4 3 * 





Volume X " MARCH, 1928 | Number 3 


THE JOURNAL OF 
INDUSTRIAL 
HYGIENE 


AND ABSTRACT OF THE LITERATURE 





Editor, United States Honorary Consulting Editor Editor, Great Britain 
Davw L. Epsatt, M.D., S.D. Sm Tuomas M. Lecce, M.D., D.P.H. E. L. Corus, M.D.,M.R.C.S. 





— 


Chronic Benzol Poisoning among Women Industrial Workers: 
A Study of the Women Exposed to Benzol Fumes 
in Six Factories 


The Physiology of Industrial Hygiene: II. The Physiologic Effects 
of Exercise and Mental Effort on the Circulation, 
and their Relation to Industry 











Published at Mount Royal and Guilford Aves., Baltimore, Md. 
by HARVARD SCHOOL OF PUBLIC HEALTH 





Entered as second-class matter, at the Post Office at Baltimore, Maryiand, under Act of March 3, 1879. 
Copyright, 1928, by Harvard Medical School. 


Made in United States of America 


more a FE ES SE OR ES OE I EE I EOE ER EE LEE CR RE EN TT OS A OS LEI TILES Se SRR Et OO AEE 


| 

















i 
| 
' 





a I EO I 


ee eee 


~ i a 























EDITORS : news 
United States : 7 - Great Britain 
Davip L. Epsautu, M.D., 8.D. E. L. Cotuts, M.D., M.R.C:S. 


HONORARY CONSULTING EDITOR 
Sir Tuomas M. Luaaz, M.D., D.P.H. 


ASSOCIATE EDITORS 


| United States Great Britain 
W. Irvine Crark, Jr., M.D. »  W. F. Dearpen, 
Up M.R.C.S., D.P.H. 
Leuanp EK. Corser, M.D. - 
Meg Str KENNETH GOADBY, 
Auicr Hamiuton, A.M., M.D. ' K.B.E., M.R.CS., D.P.H. 
Emery R. Hayuurst, Lreonarp Hitz, M.B., F.R.S. 
A.M., Ph.D., M.D. 
T. Listrr LLEWELLYN, 
YANDELL HEeNnpERSON, Ph.D. ; B.S., M.D., M.1.M.E. 
Harry E. Mock, M.D. Str THomas Ouiver, M.D. 
L. R. THompson, M.D. R. ProssER WHITE, 
C.-E. A. WINSLow, M.D., M.R.C.S. 
M.S., A.M., Dr.P.H. H. M. Vernon, A.M., M.D. 
Wiuuiam P. Yant, BS. D. A. Couzs, M.D. 
South Africa 
E. H. Cuuver, A.M., M.D., B.Ch., D.P.H. 
Canada Australia : 
J. J. R. Mactzop, M.B. H. W. Armit, M.R.C.S., L.R.C.P. 


MANAGING EDITORS 
Crecit K. Drinker, M.D. Puture Drinker, B.S., Ch.E. 


Marion C, SHORLEY 




















THE JOURNAL OF 
INDUSTRIAL HYGIENE 





VOLUME X MARCH, 1928 NUMBER 3 





CHRONIC BENZOL POISONING AMONG WOMEN INDUSTRIAL 
WORKERS: A STUDY OF THE WOMEN EXPOSED TO 
BENZOL FUMES IN SIX FACTORIES* 


ADELAIDE Ross SmitH, M.D. 


INTRODUCTION regard to its earliest signs and symp- 
toms among them. Six factories, 
distributed among the large indus- 
trial centers of the state, were found 
where conditions lent themselves to 
this study. One manufactured tires 


ished in M and rubber goods; one, cameras; one, 
iSHec May a se ; : 
in May, 1926, and because it shoes: and three, sanitary tin cans. 


was felt that more information iS phe study was made in the summer 
needed regarding the early effect of ang fall of 1996. 

benzol upon women, the Bureau of 
Women in Industry of the New York 
State Department of Labor decided to 
make a study of women workers ex- 
posed to benzol in New York State. 
The object of this study was to secure 
data with regard to the prevalence of 
unrecognized chronie benzol poisoning 
4mong women at work and also with 


ARGELY as a result of the 
striking Final Report of the 
Committee on Benzol of the 
National Safety Council regarding the 
hazards of benzol in industry, pub- 


}-xaminations were made, with but 
few exceptions, of all the women who 
were exposed to benzol in each plant. 
A history of each was taken covering 
age, occupation, mode of exposure to 
benzol, length of exposure, past medi- 
cal history with special reference to 
menstrual irregularities and miscar- 
riages or stillbirths, and complaints 

‘Abstracted from : Special Bulletin Which had arisen since exposure. ‘The 
\. 100, Chronic Benzol Poisoning among weight and the blood pressure were 
‘omen Industrial Workers, from the 
bureau of Women in Industry, New York taken whenever possible; notes were 
state Department of Labor, February, adeon the appearance of the individ- 
1927 


‘327. Received for publication Dec. 19, 
27. ual and in every case a complete 
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blood count was made. This included 
an estimation of the percentage of 
hemoglobin by the Newcomer method, 
and an estimation of the number of red 
and white blood cells, as well as a 
differential white blood cell count. 

The workrooms where benzol was 
used were visited and the operations 
involving its use observed. It was 
not possible with the equipment at 
hand to make determinations of the 
concentration of benzol vapor in these 
rooms, therefore judgment as to the 
degree of contamination of the air 
could only be based empirically on the 
strength of the benzol odor. State- 
ments as to the composition of the 
various .compounds, cements, d&nd 
lacquers mentioned are based on in- 
formation obtained from factory off- 
cials. In no cases were samples 
analyzed. 

The criteria upon which a presump- 
tive diagnosis of benzol poisoning was 
based were the same as those employed 
by the Benzol Committee of the 
National Safety Council, namely, a 
history of exposure and a reduction of 
25 per cent. or more in the white cell 
eount (bringing it down to 5,625 or 
below, from the normal 7,500). This 
standard is a conservative one and is 
perhaps too arbitrary in that it at- 
tempts to set a sharp dividing line 
between positive and negative cases. 
It was, however, applied with a cer- 
tain flexibility and those eases in which 
there was reason to believe that the 
benzol effeet was present, even without 
an exact 25 per cent. reduction in the 
white count, were recorded as. sus- 
pected cases of chronic poisoning. 
When there was a diminution in the 
white cell count amounting to 25 per 
cent. or more, on the other hand, cases 


were considered presumptively posi- 
tive even though confirmatory eyi- 
dence in the way of symptoms or other 
blood changes was, in some instances, 
lacking. 


DESCRIPTION OF WORKING 
CONDITIONS 


Factory 1 was a tire and rubber 
goods plant housed in a modern build- 
ing with large, airy workrooms and 
having very good facilities for the 
comfort and convenience of the em- 
ployees, including a cafeteria. <A full 
time graduate nurse was employed 
and the plant was visited regularly by 
a physician. Benzol was used freely 
throughout the factory and about ten 
women were employed at operations 
which involved contact with it. It 
was used in two forms, as a clear liquid 
and as the solvent in a rubber cement. 
A brief deseription of the processes 
involving its use by women follows. 

In the operation known as making 
“bends’’ to be used in tire building, 
the girls stood at tables upon which 
lengths of rubberized canvas were 
spread; dipping a cotton swab on a 
stick in an open pan of benzol standing 
on a table beside them, they applied 
it to the material which they then 
shaped on a drum and hung on a rack 
near at hand to dry. The women on 
this job used 6 to 7 quarts of benzo! 
daily. Men worked at tire building in 
another part of the same room and it 
was said that in the busy season 900 
gallons of benzol were consumed there 
daily. The workroom had very good 
general ventilation with windows on 
three sides, but no special ventilating 
devices to carry off the benzol fumes 
were provided. 

There were several jobs requiring 
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the use of a benzol-rubber cement com- 
pounded of 1 pound of rubber to 1 
callon of benzol. One of these jobs 
was cementing the ends of short hose 
lengths. Here the worker stood be- 
fore an open pan of cement into which 
she dipped the ends of the hose, which 
were then dried in the same room. As 
a rule she did 500 of these daily. 
Another girl standing not far behind 
her attached metal caps to the hose. 
in the same department benzol-rubber 
cement was used for applying rubber 
labels to hose and benzol was used 
freely for cleaning. In another de- 
partment a woman standing before a 
long table applied the cement from an 
open bowl with her fingers to one edge 
of long strips of rubber to be made 
into hose. In all of these cases the 
ceneral ventilation was good but no 
provision was made for local exhaust. 

Of the ten women examined in this 
plant all but two had some complaints 
sssociated with their work. By this 
is meant either that symptoms which 
had not previously been present had 
developed after exposure to benzol, or 
that previously existing symptoms had 
become more frequent or more pro- 
nounced. ‘These complaints were 
chiefly headache, dizziness, excessive 
fatigue, and nausea or loss of appetite. 
Two positive cases of poisoning and 
one suspected case were found. 

The attitude on the part of the 
ianagement toward the benzol hazard 
in this plant was distinetly casual and 
the medical department had no par- 
\icular interest in it. No one seemed 
‘0 be aware of the need for any precau- 
‘ions in its use except such as con- 
cerned the fire hazard. The only 
device for local ventilation to remove 
benzol fumes seen in the factory was 


a hood with an up draft over one 
trough of cement. 

Factory 2 was a camera manufactur- 
ing plant with, again, very good 
general facilities. In differed from 
Factory 1 in that its well-equipped 
medical department was aware of the 
danger from benzo] and had been at- 
tempting to keep track of the health 
of the benzol workers through semi- 
annual blood counts. The press of 
other work, however, had made it 
impossible to do this systematically. 

In this plant women came in contact 
with benzol in two ways, through 
working with a benzol-rubber cement 
and through applying with a spray gun 
a lacquer containing benzol. ‘The 
cement, composed of 90 per cent. by 
volume of benzol, was used for gluing 
together parts of the camera bellows. 
It was applied to the bellows with a 
paintbrush dipped in a_ practically 
open can standing on the workbench 
in front of each worker. When ce- 
mented, the bellows were placed on 
racks at the worker’s side to await 
their second cementing. ‘The room 
where this work was done was rather 
long and narrow. Although there 
were windows on two and a half sides, 
the natural ventilation was not par- 
ticularly good owing to the fact that 
when the windows were widely opened 
there was a tendency to too much 
draft. The edges of the cementing 
benches had been equipped with a 
device designed to draw off the fumes 
by suction but the suction was too 
weak to have any appreciable effect 
and the odor of benzol in the room 
was decidedly noticeable. About fifty- 
five persons, men and women, worked 
in this room and Pf gallons of cement 
were used there daily. ‘Thirty-three 
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women from this department were 
examined; nine of them worked with 
the cement; the remainder did not use 
it. Among this group of thirty-three, 
complaints of headache, dizziness, 
nervousness, weakness, and marked 
fatigue were extraordinarly common. 
Only six made no complaint. [leven 
positive cases were found and one more 
was put on the suspected list. 

In the same factory eight women 
were interviewed who did spray lac- 
quering with a laequer containing 4 
per cent. by volume of benzol. The 
work was done under hoods but in 
most cases, owing to faulty construc- 
tion and ventilation, the sprayed 
laccuer could be seen blowing Sut 
about the workers’ faces. Five of the 
eight showed decreased white blood 
cell counts. Whether this exceedingly 
high proportion represents the degree 
of risk ordinarily associated with this 
type of work, it is impossible to say, 
since no more women lacquerers were 
examined, but there seems no reason 
for supposing that 1t may not be typi- 
cal where ventilating hoods are 
inadequate. 

The history of a woman in whom 
benzol poisoning had been suspected 
and who had been sent to the hospital 
for treatment was obtained from the 
plant physician. Though not diag- 
nosed in the hospital as a ease of benzo! 
poisoning, it was included among the 
positive cases because it showed typical 
signs and symptoms of this condition. 
A résumé of the hospital record of this 


ase is given below. 


( ‘hief 


Weakness, shortness of 


Case 4.—Age 28. complaints: 


breath, purpuriec 
Past history: No serious illnesses 


and 


spots. : 
always robust vigorous until present 
ilness. Imployed since 1923 in the bellows 


department. 


Present illness: Four months before ad- 
mission to hospital she was found to be 
anemic by routine factory examination. 
She had no subjective symptoms and con- 
tinued work. One month later she de- 
veloped the first purpuric spot. It ap- 
peared on the shoulder and was about 6 
em. in diameter. The following week 
another spot appeared on the calf of the 
left leg. Nine weeks before admission she 
became acutely ill with an upper respiratory 
infection. She never fully regained 
strength and remained weak and short of 
breath. She reported for work but was 
unable to carry iton. Three weeks before 
admission a purpurie spot, the size of a 
silver dollar, appeared on the left thigh and 
another a few days later on the dorsum of 
the right hand. She was picked up again as 
a case of anemia by the factory medical 
department and sent to the hospital for 


study. She had had no_- spontaneous 
hemorrhages and menstrual flow was 
normal. 

Family history: One brother had a 
period of purpura. 

Physical examination on admission: 


Nutrition good; pale; slight thyroid en- 
largement; blood pressure 105/50; in the 
right axilla a mass of suppurating lymph 
nodes was found; on the lateral aspect of 
the left thigh there was a fading purpuric 
spot about 33 em. in diameter; a 
purpurie spot was found on the dorsum of 
the right hand. 
urine negative. 


fresh 


Wassermann 
The blood count was as 


negative ; 


follows: 


SS ee 70 
Red blood cells............. 3,020 ,000 
White blood cells............ 3,600 
Polymorphonuclears......... iY hee 
Lymphocytes. .......-..05%: 15' 
PNTIOE . ccicacscwenssesnss 27 
Hosimophila.......66csceeess 1 
No pathologie white cells. Red cells 


show anisocytosis but no poikilocytosis 
Platelets rare. Platelet count 25,000 per 
Cell volume 30°;. Bleeding time 
Clot retraction time—none 


c.mm. 
21 minutes. 
at 24 hours. 


Course in hospital: The patient was pu! 
on a diet The blood 


count. which was closely followed, showed 


to combat anemia. 


a oe 


‘f arch, 192% 
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steady loss in red cells until the trans- 
fusion of 500 e.c. whole blood. Foilowing 
this there was no reaction and the patient 
chowed slight blood regeneration. The 
platelet count steadily increased. No 
purpuric spots appeared while the patient 
was in the hospital. Blood transfusion 
was given on May 16, 1926—500 c.c. whole 
bhiood. After transfusion the blood count 


was: 
Oe re 10% 
Red blood cells............. 2,550 ,000 
White blood cells............ 3,720 
Polymorphonuclears........ ' 49"; 
Lymphocytes............++. 32, 
ee ee ee 16°; 
BOOIROMII occ cccissccesus 1%, 


No monoblasts or myelocytes, no baso- 
philia of red cells. Platelets 26,000. 


The patient was discharged in June, 1926, 
improved, with diagnosis of aplastic anemia 
with purpura. At the time of discharge 
the blood count was: 


| a 80°, 
Red blood celis............. 3,460,000 
White blood cells............ 6,550 
PN 6. 94-08 eens RN 68 , 200 


The plant physician reported five months 
after her discharge from the hospital that 
her white cell count was between 7,000 and 
8.000, that she felt well, and that her condi- 
tion was good except for the axillary 
ivmphadenitis which did not vield satis- 
factorily to treatment. 


At the end of this investigation when 
it was evident that a considerable 
hazard was present, the firm imme- 
diately began to experiment with a 
benzol substitute and has not returned 
to the use of benzol since that time. 
Blood counts of most of the affected 
workers were again made by _ the 
‘actory medical staff at intervals of six 
weeks, and three months after the 
removal of the benzol, and showed a 
progressive improvement. An impor- 
tant point to realize in connection with 
this plant is that the physical condi- 


tion of all workers at the time of 
employment was good. A thorough 
physical examination before employ- 
ment weeded out those who were not 
up to standard requirements. 
Factories 8 and 4 both manufactured 
sanitary tin cans and as they were 
under the same management with 
very similar conditions they may be 
described together. Both were housed 
in modern buildings where general 
facilities were good. Both had pleas- 
ant lunch rooms and eafeterias. The 
sanitary tin can industry is the one in 
which most of the cases of chronic 
benzol poisoning among women have 
so far occurred. Benzol is the solvent 
in a compound used to line or coat a 
groove around the circumference of 
the tops and bottoms of cans. This 
lining acts as a gasket and permits the 
ends of the cans to be attached to the 
bodies in an air tight manner. ‘The 
benzol problem in these factories was 
known and had received careful study. 
As a result, a ventilating system for 
the coating machines had been evolved 
which appeared to be very efficient. 
There was no odor of benzol in the 
room at large and very little was 
noticeable even in close proximity to 
the machines. From 20 to 30 gallons 
of a compound containing 40 per cent. 
of benzol were used daily in_ these 
plants. After coating, the tops were 
immediately drawn into heated and 
closed towers and exposed to a strong 
suction draft. In these towers prac- 
tically all the benzol evaporated. ‘The 
chutes upon which the tops emerged 
were, in one factory, ventilated with a 
down suction draft and the slatted 
boxes in which they were packed 
stood upon racks similarly ventilated 
in order to draw off any last remaining 


trace of benzol vapor. ‘The coating 
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machine both tended the 
machines and packed the tops in one 
plant. In the other, tended 
machines while others packed.  Al- 
together ten women, operators, in- 
spectors, and packers, were examined 
in these two plants. 


operators 


some 


The complaints 
among this group were few but in spite 
of the good ventilation two positive 
cases of poisoning were found. 

Since these examinations were made 
benzol has been entirely eliminated in 
these two factories as well as in all 
others throughout the country which 
are controlled by the same company. 

factory 5 also manufactured sanitary 
tin cans and used benzol in its lining 
compound, but the problem of ventjla- 
tion had been met in a far less satis- 
There was no direct 
ventilation of the coated can covers. 


factory manner. 


They emerged from the machine 
immediately after coating without 
having been heated and_= smelling 


distinetly of benzol. They were then 
picked up, inspected, and packed in 
the 


Twelve to eighteen women worked in 


boxes by women operators. 
the room, eight of them in close prox- 
imity to the The eight 


coating machines consumed 45 to 50 


machines. 


gallons daily of a compound containing 
of benzol. Underneath 
each coating machine there was suc- 
tion exhaust and three exhaust fans 
were placed, somewhat illogically, in 


7) per cent. 


the roof over the machines, but in 
spite of this the odor of benzol in the 
room was strong. Adjoining the coat- 
ing room and connected with it by a 
wide-open doorway was another room 
where paper gaskets were made. ‘The 
odor of benzol in this room, although 
none was used, was also immediately 
noticeable. It that 


was discovered 


the paper gasket machines were equip- 
ped with a suction device to carry off 
scraps of paper, which was actually 
stronger than that under the coating 
machines. Consequently fumes from 
the coaters, far from being drawn 
directly away, were carried the length 
of both rooms, exposing a number of 
persons to them unnecessarily. 

All but three of the fifteen women 
examined from these two rooms com- 
plained of distress such as dizziness, 
loss of appetite, nausea, and excessive 
fatigue, associated with the 
The nurse stated that skin rashes 
among the new employees in the coat- 
ing room were fairly common and that 
“quite a few” left because the work 
made them sick. She told of a gir! 
who had recently given up her job 
because of attacks of severe abdomi- 
nal pain which she attributed to the 
coating compound. Four 
chronic poisoning were found in this 
plant. In addition there were three 
‘vases In which benzol poisoning was 
suspected. 

One of the girls in this factory told of 
the death of her sister, also an em- 
ployee, in June, 1925. 
of benzol poisoning was made at the 
time but when the history of the case 
was obtained from the physician who 
had treated the girl, the developmen! 
of the illness and the symptoms 4))- 
peared so typical that the 
included in the positive group. A! 
the details which could be obtained 
are given below. 





work. 


eases of 


No diagnosis 


Wis 


"ase 


Cas 28.—Age 26. This woman had bee 
employed for some months in the roc 
adjoining the coating machines. She | 
alwavs been wel! and was not hothered 


2 


the work until she became pregnant. 1@e' 


1 
™m severe nausea and \ 


’ my 
she suffered fre 
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ing. Severe and prolonged nosebleeds 
began and these were followed by bleeding 
from the gums and the rectum and into the 
ckin. She stopped work and improved 
under treatment but against the advice of 
her physician she then insisted upon return- 
ing to work. Purpuric spots recurred. A 
premature child was born at seven months 
and three hours after delivery the mother 
died following a severe uterine hemorrhage. 


The increased susceptibility to ben- 
zol poisoning accompanying — preg- 
naney, which ts illustrated here, 1s also 
brought out in several cases men- 
tioned by Hamilton (p. 466). 

At their own request four men 
in this plant who handled benzol were 
examined. One mixed the compound 
and the other three worked in the 
coating room. ‘Three of the four had 
white cell counts below 5,600. 

At the present time the management 
in this factory is trying, so far as 
possible, to get away from the use of 
benzol and has sueceeded in eliminat- 
ing 90 per cent. of it, according to a 
recent statement. 

Factory 6 was a large shoe manufac- 
turing establishment employing about 
600 women. When the study was 
made only three came in contact with 
benzol and only two actually worked 
with it. hey apphed benzol-rubber 
cement to erépe rubber soles. In 
busy seasons five or six women were 
‘sometimes employed on this job. The 
work was done in a large basement 
with windows on all sides, but these 
were closed to keep the room com- 
lortably warm. Each worker used 
about 13 gallons of cement daily. 
There was no local exhaust ventilation 
and the odor of benzol at the end of 
the room where this work was done 

distinetly noticeable. The two 
eme} 


nters were examined and a third 


Lue) 
‘\ 





woman who worked near by. Both 
the women who did cementing found 
that it affected their health. One of 
them, whose blood picture was normal, 
had been on the work for only three 
weeks this season but she had worked 
at it steadily for the two previous 
winters. She said that after contin- 
uous work for a period of several weeks 
she felt dizzy and nauseated when 
beginning work in the morning and 
would have spells of weakness and 
palpitation. ‘There was also a distinet 
tendency to frequent urination ac- 
companied by slight tenesmus. On 
two occasions she had an itching rash 
on her hands and forearms. Another 
woman was interviewed who had done 
this work a year ago and she also 
spoke of the tendency to urinate 
frequently. 

Another large shoe manufacturing 
concern was visited where a fatality 
had occurred in 1925 from the use of 
benzol in a cement used for erépe 
rubber soles. The hospital records of 
the case were obtained through the 
factory medical department and the 
résumé is given below. 


Cass 33.—Age 33. This woman was 
married and had several children. She had 
been employed for about seven months 
cementing crépe rubber soles with a benzol- 
rubber cement. About the first of May, 
1925, she began to feel very listless and 
weak; nosebleeds began to occur and they 
became so severe that she went to a spe- 
cialist for treatment. About the same time 
purpuric spots are said to have appeared ov 
her skin. She left work May 15 and wa 
admitted to the hospitalon June l. During 
her stay in the hospital she ran a temperz- 
ture which usually ranged from about 100 
to 102°, occasionally reaching 104°. She 
had one very severg hemorrhage from the 
nose and there was bleeding from the 
vagina. ‘The stools were at times tarry and 
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ome 
boom 


JOUR 


she vomited and coughed blood. She com- 
plained of weakness, dizziness, nausea, and 
headache. An abscess of the left thigh 
developed in the early part of July which 
opened and drained freely but did not show 
—CASE 33. 


TABLE 1 BLOOD COUNTS 


| BLOOD COUNT 


a | |! 8] 

DATE | | 7 @ | ‘ } | - | 
| —_ ~ 3 | 9 che | = | . 
| | ° ° ae r S Oo; m 
| le an ~ S | 2 m= ie | 
. ‘dead en [= | | ot 1a | =a 
| aohes . . | Qo ee | | fe 
1 | ow SS (OR met ed 

| | j | | 

- a pe [ae a 
107 | | | lor |or lor |o7 
| C) | | ( | 0} 0} 0 

| | | j 
June 4 |352,240, (00/2 400 0. 793954) 8) 3 


June 24 (25/1 ,030 ,000)2, 200] 25,49) 40) 9 2 
July 3 )20) 860,06 102,016 1. 25.65 35! 0} 0 


July 20 |17) 480,000'3,800| 2.1/77/18) 4| 0 





91 l1F | 
July 31 |15| 530,000)... | 1.5)..|..|.a. 
much inflammatory reaction. The urine 
showed a slight trace of albumin and a 


l’our trans- 
June 11, 19, 23, and 
July 3 with but slight temporary improve- 
The July 31. The 


blood counts made in the hospital are given 


few white and red blood cells. 
fusions were given on 
ment. patient died 
in Table 1] 

On autopsy the following findings were 
blood unclotted; marked fatty de- 
generation of the liver, heart, and pancreas; 
free 


noted: 


intestine 
the gastro- 


ood in the stomach and 


without evidence of disease of 


intestinal] general appearance of 


case was diagnosed as chronic 


tract; 
The 


anemia. 


benzol poisoning and compensation was 
allowed. 
The use of benzol cement was 


promptly abandoned at that time and 
subsequent experience in this plant has 
proved that it is not essential to good 
results. 


DISCUSSION OF FINDINGS 


Percentage of Women Workers Showing 


Keidence of Chronic Benzol Potsoning 
Cases of chronie benzol poisoning 


occurred in conspicuous porportion in 
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all of the six plants. Of the seventy- 
nine women exposed to benzol fumes. 


twenty-five, or 32 per cent., showed 


TABLE 2.—WOMEN EXPOSED TO BEN- 
ZOL FUMES CLASSIFIED BY FAC- 
TORY AND EVIDENCE OF 
CHRONIC BENZOL 














_POISONING 
| 
o ' 
= So 
co. i 
N Ae 2 
ro an) ped 
=f Os vz 
» © Zim o 
oer — . = 
= & a 
FACTORY oe Sak 
Se ~ — 
2) no . 
2 ane 
fea) gw Z 
3 an 2 
- a” 
Z. A 
1. Tire and rubber....... | 10 2 
2. Photographic supplies.| 41 16 
3. Sanitary tin cans...... | 6 | 
4. Sanitary tin cans......| 4 
5. Sanitary tin cans......| 15 i 
Mt SE icecdcatascocenxs | 3 l 
PE canerestraeecast 79 25 





blood changes sufficiently marked to 
indicate clearly that benzol poisoning 
was present, with 
less marked blood changes, the condi- 
tion was suspected. Were these cases 
to be included in the positive group, 
the percentage of women 
found to be affected by benzol poison- 
ing would be increased from 32. per 
cent. to 38 per cent. Table 2 indicates 
the distribution, by factories, of the 
total number of women exposed to 
benzol fumes and of the positive 


while in five.znore, 


workers 


cases. 

The women who were exposed 
benzol fumes may be divided into two 
classes: those who came into direct 
contact with benzol through actual use 
or handling of objects to which it had 


5. T.. 
March, 1925 
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| 
been applied, and those whose corttact 
was indirect only and took place 
merely through working in the same 
room where it was used. Of the 
forty-four women in the first group, 
seventeen, or 38.6 per cent., gave evi- 
dence of poisoning; of the thirty-five 
in the second group, eight, or 22.8 per 
eent. These figures bring out the fact 
that working merely in proximity to 
bhenzol is attended by a considerable 
degree of risk. 

In this connection it should be men- 
tioned that, although benzol (or ben- 
zene) poisoning is included in the New 
York State Workmen’s Compensation 
Law in the list of occupational diseases 
for which compensation shall be 
awarded, the law mentions only proc- 
esses Involving “the use of’? benzene 
and, consequently, the women poi- 
soned through indirect exposure would 
not be entitled to compensation for 
time lost on account of their condition. 
Since they are in all respects as deserv- 
ing of compensation as those who 
actually use benzol, the need for a 
revision in the wording of the Law is 
obvious. 


Analysis of Cases Showing Evidence of 
Chronic Benzol Poisoning 


Table 3 condenses the important 
data and gives the complete blood 
counts in the twenty-five positive and 
the five suspected cases. The three 
hospital cases already reported, Cases 
4, 28, and 33, are not included in this 
table. 

Age.—The ages of all the women 
examined ranged from 17 to 52 years. 
The following list shows the age group 
distribution and indicates the percent- 
age oO positive (including suspected) 
eases found in each group. 


Vol. 10 


.> 
7 


Age Group = Toial Positive Cases 


Yrs. Cases No. vf 
17-19 17 2 11.8 
20-24 22 10 45.5 
25-29 12 6 50.0 
30-39 17 G a0. 
40 and over Il 6 54.5 


The percentage of positive cases is 
lowest in the youngest group and 
highest in the oidest one. While the 
numbers are too small to be conclusive, 
youth in this series does not appear to 
be a predisposing factor in the produc- 
tion of benzol poisoning. It has 
generally been so considered but this 
may have been due to the youth of the 
women exposed in previous studies. 
In the factory from which Selling’s 
vases came, for instance, all of the 
fourteen girls exposed at the coating 
machines were between 14 and 16 
years of age, whereas in the factories 
studied in the present investigation the 
average age was 28. 

Length of Exposure.—TVhe length of 
exposure among all the women ex- 
amined ranged from one week to eleven 
years but in the positive and suspected 
group the shortest exposure was two 
months. This was the length of 
exposure in three instances, Cases 10, 
16, and 382. Several women stated 
that they began to have symptoms 
such as loss of appetite or nausea 
almost immediately upon exposure to 
benzol but it is, of course, impossible 
to say in these cases how soon chronic 
poisoning would have been evident 
from changes in the blood picture. 
The longest period of exposure in 
either the positive or the negative 
group, eleven years, occurred in one 
of the suspected cases, a coating 
machine operator. In this instance iv 
is possible that a very mild degree of 
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chronic poisoning had been present 


for a long time. ‘The woman in ques- 


tion had not felt really well since 
beginning work; her appetite had 


never been very good and she had lost 
weight progressively. 

The following list indicates the dis- 
tribution of cases according to length 
of exposure: 


Length of Total Positive Cases 
Kxposure Cases No. wt 
Under 38 mos. 20) 3 15.0 
3-12 mos. 12 5 4.7 
1-4 yrs. 19 i) 47.4 
4 yrs, and over 28 13 46.4 

The percentage of positive cases is 
lowest in the group with an exposure 
of three months or less but shows little 
difference among the other three 


groups. ‘This would seem to indicate 
that where susceptibility to poisoning 
exists it tends to develop during the 
first year other 


though, of course, 


factors such as severity of exposure, 
which cannot be evaluated, enter into 
the result. 

A ppearance.—In general these wo- 
definitely did not 
The outstanding characteristics 
were a look of fatigue and pallor; the 
latter, though not invariably found, 
occurred in the majority and 
striking when present. Some women 


men quite look 


well. 


was 
with a history of long exposure looked 
were under- 
The 
individuals 
in the positive group as a whole, how- 


prematurely aged; a few 
weight to the point of emaciation. 
proportion of overweight 
ever, Was larger than in the negative 


group and only afew complained of loss 


of weight. Good nutrition, evidently, 
chronic 
the 


Two questionable pur- 


Is not ineompatible with 


benzol poisoning, at least in 


early 


stages. 


purie spots were found on the forearm 
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of one woman, a bellows cementer, who 
thought they had occurred spon- 
taneously, and petechiae were present 
on the arms and neck of another. No 
other skin lesions possibly attributable 
to benzol were found at the time of 
examination. 

Blood Pressure.—The blood pressure 
did not show anything of particular 
interest. The average systolic pres- 
sure low (about 115) in both 
groups, as might be expected in a class 
of sedentary indoor workers, but was 
not noticeably lower in the positive 
than in the negative group. 

Symptoms.'—Spectacular symptoms, 
such as bleeding from the mucous 
membranes or purpura, were conspic- 
uously absent from this group of 
women still at work who in many cases 
did not realize that anything out of the 
ordinary was wrong with their health. 
But the frequency with which less 
striking complaints occurred 
them was impressive and significant. 
This was true to a large extent also 
among the women exposed to benzo! 
but not included in the positive or 
suspected group. The symptoms 
which were found among the latter 
group are shown in the order of fre- 
queney in Table 4. 

In questioning the women regarding 
various symptoms, an effort was al- 
vays made to determine whether or 
not the complaint in question had 


Was 





among 


1 Data as to whether or not woe n are 
more susceptible than men to benzo! pon )] 
ing were not secured since in no case wert 
groups of opposite sexes found working 
under similar ¢ onditions. That wome) 
may suffer more from subjective sympton 
than men having an equal degree of leuk: 
pe nit L, is suggested by ree oneie | secures d fron 
lactory 2 which showed that of fifteen men 
exposed to benzo! vapor, whose white » cell 
counts were below 5,625, only one ha 
associated v ith the wor! 


Ssvmptoms 
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developed after exposure to benzol or, 
‘* it had been present previously, 
whether it had increased in frequency 
or severity since exposure. Com- 
plaints were recorded only when such 
an apparent relation to exposure was 
present. 

It is known that blood changes 
may oecur in chronic benzol poison- 
ing unaccompanied by symptoms. 
This was illustrated by only one case 
in this series where the white cell 
eount was 5,000 while the woman 
made no complaint. The highest 
number of listed complaints made by 
any one person was eight; the average 
number of complaints per person was 
a little over three. 

Headaches, the commonest com- 
plaint, occurred among 60 per cent. of 
the women in the positive and sus- 
pected group. Their frequency varied 
from ‘‘almost every day” to ‘“‘two or 
three times a month.” They tended 
to be more frequent in winter and to 
increase In severity as the day wore on. 
In some eases they would persist 
steadily for several days; one woman 
when interviewed said that she had 
had a headache for ‘three days 
straight.”’ Sometimes the headaches 
were accompanied by nausea ‘ and 
dizziness, 

‘.xcessive fatigue was complained of 
by 46.7 per cent., almost one-half, of 
these women. Distinction was made 
between ordinary fatigue to be ex- 
pected after a day's work and a feeling 
of exhaustion, of being “all in.”’ The 
women who replied in the affirmative 
believed that they got abnormally 
tired; some said they felt tired “all the 
time.” This finding has the more 
significance because in the majority of 
cases the work was not especially 


arduous and only seven of the thirty 
women were obliged to stand contin- 
uously at their jobs. 


TABLE 4. 
PLAINTS AMONG WOMEN SHOW- 
ING EVIDENCE OF CHRONIC 
BENZOL POISONING 











| TOTALCASES 




















COMPLAINT | a ee 
ber | Cent. 

II siveuay ad iacecacaees 18 | 60.0 
Excessive fatigue............. 14 | 46.7 
clo a ah las na 2x alte 13° | 43.3 
a 10 | 33.3 
ee 9 30.0 
lt ae eau eh behice Hahn 8 | 26.7 
ee 6 | 20.0 
Numbness and tingling....... 5 | 16.6 
Frequent urination........... 4 | 13.3 
ee | 4 | 13.3 
Disturbed sleep....... 4 | 13.3 
NS it 8 a ae 0 ded 4 13.3 
Frequent menstruation.......| 3 10.0 
Shortness of breath..... | 2 6.7 
oo | | 2 6.7 
hg ds icsaun viene | 2 6.7 
Pain in abdomen............. | 2 | 6.7 











About 43 per cent. complained of 
spells of dizziness. These occurred for 
the most part while at work though 
one woman noticed that she felt more 
dizzy on going home. One coating 
machine operator said that she became 
so dizzy at times that she felt “drunk.”’ 
Several women noticed a connection 
between dizziness and closed windows 
or the opening of fresh cans of cement. 

About 33 per cent. felt nauseated, 
“sick to the stomach,” at times while 
at work. This feeling was more apt 
to occur when first beginning work in 
the morning. A number of the women 
said that they had felt nauseated for 
the first few days after exposure to 


FREQUENCY OF COM- 
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benzol had begun but that the feeling 
gradually wore off as they became 
In one plant 
it was a fairly common thing, accord- 
ing to the nurse, for new employees to 
leave because “‘the work made them 


accustomed to the odor. 


sick.’’ Anorexia or indifference to 
food occurred among 30 per cent. of 
the women and in most cases dated 
the time. of 


Four women com- 


rather definitely from 
beginning work. 
plained of “indigestion”? which may or 
may not have been related to benzol 
absorption. Spells of actual vomiting 
had occurred during the previous few 
months in two of the suspected cases 
(29 and 30). 


coating machine operators emplayed 


‘These women were both 


in the same factory; one had a history 
of eleven and the other of three years’ 
exposure. Both had numerous other 
complaints including, in the case of 
one, pain in the abdomen, and both 
appeared to be in poor shape. Neither, 
however, had a marked reduction in 


I? 
A 


ain in 


the white blood cell count. 
the epigastrium deseribed as ‘“‘purs- 
ing,’ oecurred in the case of one other 
woman (Case 27) with a history of six 
vears’ exposure. She complained as 
well of weakness, excessive fatigue, 
loss of weight, nausea, and loss. of 
appetite. 

A feeling of 


weakness, of general 


muscular inefhieieney, occurred in 
eight, or 26.7 per cent., of the cases. 


This may have been associated with 
excessive fatigue since all but one of 
the women making this complaint also 
complained of fatigue. However, six 
of those who complained of fatigue 
did not complain of weakness. 
evidences of the neurotoxie action 
disturbances of 


as seen 1n 


of benzo! 


ee 


sensation, chiefly in the extremities, 
were present in five cases, 16.6 per 
cent. These women noticed on oceca- 
sions sensations of numbness or ting|- 
ing in their hands, arms, legs, and feet. 
Such sensations were more marked 
when holding objects or when main- 
taining a constant position. The same 
complaint was also present among a 
large percentage of the women who 
were exposed to benzol but whose 
blood did not show marked changes. 
Six women complained of ‘‘nervous- 
ness.’ In one, it was associated with 
extreme dizziness and took the form 
of mental depression and confusion 
which at one time necessitated a sick 
leave of several weeks. Another fell 
‘nervous’ at the that 
severe headaches occurred which were 


same time 
also accompanied by dizziness, nausea, 
and weakness. Ina third, nausea and 
nervousness were associated; while a 
fourth “lost control’ of herself easily. 
lour who also suffered headaches com- 
plained of wakefulness at night. 
Frequent urination which was men- 
tioned by Starr as a common symptom 
among the milliners whom he examined 
and attributed by him to the possible 
exeretion of phenols in the urine, but 
which has not been emphasized by 
other investigators as a symptom of 
chronic benzol poisoning, was one ol 
the complaints of four women whose 
blood pictures were positive. Two 
had 
previously stated that this symptom 


more who worked with benzo 


was definitely associated with its us 


and developed after a few weeks 


eontinued exposure. It was not con- 
and go fot 


( nie 


sensation whic! 


stant but would come 


periods of a few days at a time. 


woman deseribed a 


A A ET IES OEE EGE ee TEN TE IIE 
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was evidently a slight tenesmus asso- 
ejated with the frequency. 

Only a few complaints were made 
of dermatitis attributable to benzol. 
One coating machine operator said 
that the work was apt to cause an 
itching rash to appear on her legs and 
sometimes on her thighs and fore- 
arms. A eement worker whose blood 
picture was negative had had a similar 
rash on her hands and forearms on 
several oceasions and another was 
troubled in the same way when she 
used benzol for cleaning. ‘Two girls 
who worked in the tire department of 
the rubber factory had had attacks of 
furunculosis which in one were more 
prone to occur in the warm weather. 

With regard to bleeding, one girl 
(Case 1) had been having nosebleeds 
during the week immediately prior to 
the interview, while three others had 
had them on one or more occasions in 
the past while working with benzol. 
No mention was made of bleeding from 
the gums except upon cleaning the 
teeth, a symptom probably without 
significance. None of the women 
complained of purpurie spots and 
there was some question as to the 
authenticity of those found in Case 14. 
They were, however, a conspicuous 
feature in the three hospital eases. In 
the two cases which terminated fatally 
there was bleeding from all the mucous 
membranes. The menstrual function 
n the majority of positive and sus- 
pected cases was undisturbed. The 

Ost conspicuous irregularity which 
might be attributed to benzol occurred 
ia suspected case (Case 31), a coating 

chine operator. She had had 

nods occurring every two weeks for 


e past four months with profuse 


bleeding lasting five to seven days. <A 
similar condition had occurred once 
before about a year previously but 
had ceased when she gave up work for 
a while. In spite of the very con- 
siderable loss of blood her red blood 
cell count remained high. The white 
blood cell count was 6,100. In two 
other instances the benzol effect may 
have been evident in the fact that the 
interval between periods had dimin- 
ished from four to three weeks since 
exposure, though the flow was not 
noticeably freer. In one case, men- 
struation which had formerly been 
scanty became more profuse, though 
not unduly so, after taking the job 
involving exposure to benzol; in an- 
other, periods which had been oeccur- 
ring once in two or three months began 
to occur regularly. Whether there 
was any connection between these 
changes and exposure to benzol it is 
impossible to say since other unknown 
factors may have been present. A 
number of women spoke of headaches 
and dizziness being more pronounced 
at the menstrual period. 

In addition to the symptoms occur- 
ring in the positive and suspected 
cases, the numerous complaints made 
by those whose cases were considered 
presumably negative because their 
white cell counts were not conspicu- 
ously reduced cannot be ignored. A 
large proportion of these workers, 
about 39 per cent., had symptoms 
associated with their work. The pro- 
portion making complaints differed in 
the various factories and was smallest 
in those where artificial ventilation 
reduced the air contamination, as it 
did in Factories 3 and 4. Thirty-one 
per cent. of these so-called negative 
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eases showed complaints of dizziness, 
29 per cent. of excessive fatigue, 25 
per cent. of headaches, 16 per cent. of 
nausea, 10 per cent. of weakness, 8 
per cent. of loss of appetite. Ina con- 
spicuous number, signs of nerve irrita- 
tion, 7. e., mild disturbances of sensa- 
tion in the extremities, were present. 
It is, of course, possible that in a 
number of cases these complaints arose 
from other causes than benzol, yet 
their nature and frequency make it 
seem probable that these women also 
were being affected by the inhalation 
of benzol fumes to the detriment of 
their efficieney and weil-being. More- 
over, a certain number of the cases 
showed some variations from the nor- 
mal blood picture which will be dis- 
cussed later. ‘These, together with 
the occurrence of symptoms connected 
with exposure to benzol, suggest that 
possibly the standard by which these 
cases were considered negative, namely, 
failure to show a 25 per cent. reduction 
in the white count, was too arbitrary. 
It is possible that some of them at 
least showed an earlier manifestation 
of the benzol effect than did those 
having a typical leukopenia, and that 
they should rightly be included among 
the cases of chronic benzol poisoning. 

Blood Counts.—The blood changes 
in the thirty cases in which evidence of 
chronic benzol poisoning was found 
are not startling in comparison with 
the blood pictures shown in advanced 
stages of poisoning, but they show 
unmistakable evidence, especially in 
the white and differential counts, that 
a pathologic condition of a serious 
nature 1S In progress. 

Hemoglobin was moderately reduced 
in all but three cases; the lowest per- 
centage found was 63, the highest 85, 





a normal amount, and the average 
about 71. Severe anemia seems to 
develop only in the later stages after 
bleeding has commenced. Thus one 
of the fatal reported cases showed 4 
hemoglobin of 15 per cent. before 
death. Case 4 in which purpurie 
spots but no bleeding from the mucous 
membranes had developed, had a 
hemoglobin of 70 per cent. 

The red blood cells as well as the 
hemoglobin show, as might be expected, 
much less relative reduction than the 
white cells. Destruction of the red 
cells has been said to be the last change 
to appear and the last to disappear in 
benzol poisoning. In this series no 
counts were lower than 3,000,000. 


Distribution 
Number of Red Cells of Cases 
3,000 ,OOO—3 ,500 ,000................ D 
3,900 ,O00O—4 ,000 ,000.............0.. 7 
4,000 ,OOO—4 ,500 ,000................ le. 
4,500 ,0O00—5 ,000 ,000..........0..... 6 
5,000 ,O0O—5,700 ,000................ 4 


It is known that the earliest effect 
of benzol absorption or the effect of 
the absorption of small amounts is 
sometimes an actual stimulation of 
the blood forming org ~osulting in 
an increase in the red ar, netimes 
in the white corpuscles. With this in 
mind it is interesting to note that 
Cases 3, 17, and 32 each showed red 
blood cell counts above 5,000,000. 
Among the negative cases, moreover, 
eleven, or 22 per cent., in all of which 
symptoms were present, showed an 
increase in red cells without a corre- 
sponding increase in hemoglobin. It 
seems possible, therefore, that these 
cases should be considered cases of 
benzol absorption or very early cases 
of chronic poisoning. 

No increase in bleeding tim was 
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observed in the majority of these cases. 
} In several instances, however, bleeding 
from the prick was abnormally pro- 
longed. Coagulation time was not 
taken. A record was obtained from 
the medical department of Factory 2, 
however, of the coagulation time in 
Sfteen men benzol workers in whom 
there was a leukopenia of 5,625 or 
helow. In none of these cases was it 
prolonged. 
The color index in this series ranged 
from 0.7 to 1.5, while the average was 
‘ 0.8. A higher index is apt to occur 
in the more advanced cases where red 
blood cell destruction is severe. In 
Case 33, for example, the color index 
ranged from 0.7 on admission to the 
hospital to 2.1 a few days before death. 
The white blood cell counts in the 
positive cases ranged between 3,200 
and 5,600 with three exceptions as 
against the normal of 7,500; 1n the five 
suspected cases between 6,100 and 
6,800. Their distribution is indicated 
in the following list: 


Vumber of White Distribution 


Cells of Cases 
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Tne significance of this white cell 
reduction lies in the diminished resist- 
ance to infection which it entails. The 
normal defensive power against disease 
oi each of these workers has been 
lessened through the circumstances of 
ner work. An illustration of this 
diminished resistance to infection is 
‘urnished in Case 4 where the white 

‘is were reduced to 3,600. After 








apparent recovery and discharge from 
the hospital an infection of the lymph 
nodes under the arm persisted for 
months in spite of treatment, and with 
this condition there was a failure, due 
in all probability to bone marrow 
damage, to produce the leukocytosis 
which represents the normal reaction 
to infection. Case 33 also illustrates 
this complete inability to rally the 
leukocytes; when an abscess of the 
thigh developed in this case the leu- 
koecyte count increased from 2,000 to 
only 3,800. 

Fully as important as an enumera- 
tion of the leukocytes in these cases is 
a careful study of the stained blood 
smears to show whether any normal 
cells are abnormally prevalent or 
whether any abnormal cells occur. 
Variations from the normal differential 
count give a more vivid picture of the 
damage in progress than the mere 
reduction in the number of the 
leukocytes. 

A diminution in the percentage of 
the polymorphonuclear leukocytes 
(neutrophils) is generally reported as 
characteristic of chronic benzol poison- 
ing. In this series there was such a 
tendency. ‘The average percentage of 
the polymorphonuclear cells was 55 as 
against the normal 60 to 70, but a 
reduction in percentage was not in- 
variably shown. A number of cases 
with marked leukopenias showed a 
normal percentage of polymorpho- 
nuclears. It is possible, of course, that 
this may have been the result of some 
unknown focus of infection. On the 
other hand, many of the negative cases 
with normal white cell counts showed 
a diminution in the percentage of 
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polymorphonuclears. ‘the reason for 
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this is obscure unless it is associated 
with the confining, unhygienic life of 
the factory worker. 

variation the normal 
which appeared in almost half the 
cases was the increase in the endothe- 
liocytes (by some called monocytes), 
a term now widely used to include 
cells formerly known as large mononu- 
‘These cells 
to 6 per 
cent. of the total number of leukocytes. 


One from 


clears and transitionals. 
normally constitute from 2 


Fifteen out of twenty-eight, or 53.5 
per cent., showed an increase above 6 
per cent. which in one instance reached 
One of the 
reported cases (Case 4) had an en- 


as high as 19 per cent. 


dotheloecytosis of 27 per cent. at one 
the reported fatality 
(Case 33) 11 per cent. of endothelio- 
In the hterature 
on benzol poisoning mention is made of 


and in 


time, 
cytes were present. 


an increase in both large mononuclear 


and transitional cells. In two. of 
Selling’s cases, large mononuclear cells 
constituted 14 and 10 per cent. of the 
total number of white cells and Hamil- 
ton mentions two cases reported by 
riicken where inereases to 10 and 12 
In MeClure’s case 


the transitional cells numbered 15 per 


per cent. occurred. 


cent. The significance of endothelio- 
cytes, 7. e., large mononuclear and 


transitional cells, is not clearly under- 
Todd states that some at least 
are developed from the lining cells of 


stood. 


the blood and lymph vessels. An 
increase occurs in a number of patho- 
logic conditions, notably typhoid fever, 
malaria, 
Minot 
have 


disease. 
‘Vodd) 


increase 1n 


and  Hodgkin’s 
Smith (eited by 


demonstrated an 


and 


endothelioeytes in tetrachlorethane 


poisoning. 





An abnormal increase in the type 
of white cells known as eosinophils was 
present in Cases 3 and 12, Ay 
eosinophilia in benzol poisoning, ac- 
cording to Hamilton (p. 477), has beer 
found by — several 
vestigators. 

The basophils or mast cells which 
ordinarily are present to the extent of 
one 11 200 or 300 showed a slieht 
tendency to increase | or 2 per cent. in 
a fairly large number of the positive 
and suspected cases and in a few of 
the negative group. 
nate in the bone 


European _ jn- 





These cells origi- 
marrow and when 
present in increased amounts are indic- 
ative of bone marrow irritation. The 
same thing is true of Tiirck’s irritation 
leukocytes which were present in two 
cases. 

The variety of white cell known as 
a myelocyte, which is never present 
in normal blood, was seen in more than 
50 per cent. of these blood smears 
This cell is the bone marrow predeces- 
sor of the polymorphonuclear leuko- 
few of them 


cyte. A may occur, 


according to Todd, in any severe 


blood condition and Krumbhaar states 
that leukopenia caused by inhibition 
or intoxication of the bone marrow Is 
followed by the appearance of very 
immature leukocytes in the blood 
stream. The fact that myclocytes, 
evidences of bone marrow intoxication, 
were found in three eases (Cases 21, 
29, and 31) where the leukopenia was 
not marked, the white cell count being 
between 6,000 and 7,000, shows that a 
20 per white 
count should not be used as the only 


cent. reduction in the 


criterion of poisoning. 
ry 11. _ 
The appearance of the red cells in 
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the was in genera 


stained smears 














CHRONIC BENZOL POISONING AMONG WOMEN WORKERS 91 


‘ndicative of anemia. Polychroma- 
tophilia, or differences in staining of 
cells in the same slide, was present to 
some extent. This is usually con- 
sidered indicative of young, immature 
corpuscles. ‘There was also a con- 
siderable amount of anisocytosis, or 
variation in size, with the presence 
especially of larger forms than normal ; 
in a few slides slight variations in 
shape were noted. 

Summarizing the blood examina- 
tions, then, it may be said that evi- 
denee of a pathologie condition was 
shown by the anemia, the appearance 
of the red cells, the reduction in white 
cells, the presence of abnormal cells 
such as myelocytes and Tiirck’s irrita- 
tion forms, and the abnormal increase 
in endotheliocytes. 


Improvement in Blood Counts Following 
Removal of Benzol 


In Factory 2 it was possible to secure 
follow-up blood counts which were 
made on most of the positive cases 
after the elimination of benzol. These 
give an indication of the rate at which 
improvement took place in these cases. 
Of fifteen eases in which a blood count 
was repeated at the end of six weeks, the 
white cell count showed a definite im- 
provement in seven, a slight improve- 
ment in three, and no improvement in 
five, or 33.3 per cent. The differential 
count, however, had either returned to 
normal or was improved in all but one 
case. Seven of these fifteen cases had 
red cell counts lower than 4,500,000. 
\t the end of six weeks three showed 
no change, one was improved, and 
three had returned to normal. Blood 
counts made at the end of three 
months showed that out of eleven 


cases three still had a leukopenia. Of 
the five cases in which the red cell 
count had been reduced,. three had 
returned to normal and two were 
improved. 


SUMMARY 


1. Benzol as used in the industries 
investigated produced chronic poison- 
ing in virtually one out of every three 
women. 

2. The risk of poisoning was not 
limited to those who worked directly 
with benzol; but workers who were 
indirectly exposed through merely 
working in rooms where benzol was 
used were also subject to its effect. 

3. Among women who did not show 
definite signs of poisoning more than 
one-third suffered from symptoms 
many of which in all probability were 
caused by exposure to benzol. 

4. Susceptibility to benzol poisoning 
appeared about equally marked among 
young and older workers. 

5. The commonest symptoms ac- 
companying blood changes indicative 
of early chronic poisoning among the 
women examined were headache, ex- 
cessive fatigue, dizziness, nausea, loss 
of appetite, weakness, nervousness, 
and disturbances of sensation such as 
numbness and tingling in the extremi- 
ties. Frequent urination, nosebleeds, 
disturbed sleep, and indigestion oc- 
curred in about 13 per cent. of the 
cases; menstrual irregularities, in about 
10 per cent. 

6. The blood showed in addition to 
leukopenia and a tendency toward 2 
diminution in the polymorphonuclear 
leukocytes—the commonly accepted 
criteria of chronic benzol poisoning 


a tendency toward a slight increase 
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in basophils, as well as an increase in 7. Reports were obtained of three 
the endothelocytes and the presence cases which had advanced to the point 
of myelocytes in a noteworthy number — of hospitalization. Two of these were 
of cases, fatal. 
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Il. THE PHYSIO- 


R. J. S. McDowatu, D.Sc., M.B., F.R.C.P. (Eprn.) 


Professor of Physiology, King’s College, University of London 


TTENTION was drawn in a 
previous paper (1) to the fact 
that in primary 
consideration is an adequate supply 
of blood to the active part; it may 
be at the expense of the supply to 


exercise a 


other parts, such as the alimentary 


canal. Our present consideration 18 
how far this adaptation may vary 
and may influence industrial work. 


In the first instanee it will be profit- 
the 
actual circulatory adaptations which 


able to consider in more detail 
take place in muscles. 

For convenience we may divide the 
adaptations to exercise into two cate- 
gories: those which originate in the 
active muscles themselves direetly or 
indirectly, and those more dependent 
on impulses from the higher mental 
mechanisms. 

When a muscle contracts there are 
brought into operation several mecha- 
nisms by which the muscle improves 
its own blood supply. At rest only 
number, im an 
eighth, of 
the capillaries are open, the remainder 
(IkXrogh), but the 
muscle becomes active many of the 
The 
eause of this opening up, we have good 
the 


a relatively small 


average muscle about an 


are closed when 


eapillaries are brought into use. 


beheve from work of 


reason to 


* Recsived for publication Nov. 18, 1927. 








Hemingway and McDowall (2), js 
lactic acid which is’ produced in 
activity, especially when the con- 
traction takes place anaérobically or 
at least when the supply of oxygen is 
insufficient, as it presumably is before 
the capillaries open up. Once ther 
is an adequate supply of oxygen, wi 
may understand the work of 
Severini, Bayliss (3), and others that 
‘carbon dioxide is responsible for the 
maintenance of dilatation. 

The larger arterioles to the part 
which, because of their thick walls. 
are in Jess immediate contact with th 
active tissues, we believe are opened 
up by reflex mechanisms akin to thi 
reflexes of Loven. This 
found that, if the afferent nerve from 
an organ be stimulated, there is 
brought dilatation in that 
organ and a shutting down of othe! 


from 


observe! 


about 
areas not in use. it seems likely that 
during exercise afferent fibers from the 
active muscles bring about a similat 
local dilatation and general constric- 
tion, but 
this point is still lacking although o/ 


indisputable evidence on 


recent years it has been demonstrate: 
that the 

a . ° . a ] 
capable of causing dilatation of vesse 


afferent fibers from limbs 
do exist (Vineent). 

The muscles also bring about 
vessels in unused re- 


the 


constriction of 


gions, throug! influence of the 














IFFECTS OF EXERCISE ON CIRCULATION 


.arbon dioxide they produce, upon the 
vasomotor center, which has been 
shown by Dale and Evans (4) to be 
stimulated by this acid. This effect 
of earbon dioxide may readily be 
shown experimentally in a constric- 
tion of the splanchnic vessels and 
those of the skin. As a result of the 
eonstriction a larger amount of blood 
becomes available for the muscles and 
the venous pressure is raised. ‘The 
muscles themselves further contribute 
to the venous return by their com- 
pression of the valvular veins of the 
limbs, which only allow blood to 
How centrally. In addition, the in- 
creased action of the respiratory 
mechanism (5), as well as the result 
of increased carbon dioxide produced 
by the muscles, still further facilitates 
the return of blood to the thorax. 
We have then a variety of mecha- 
nisms which greatly increase the 
filling of the heart and thereby in- 
crease its output per beat. This 
occurs in virtue of Starling’s “law 
of the heart,” which indicates that 
the more the heart is filled by the 
end of the diastole, the more 
forcibly it contracts. At the same 
time the heart rate increases, further 
increasing the output per minute. 
This inerease is due, in part, to the 
raised temperature of the blood leaving 
the active muscles and, in part, to the 
raised venous pressure. This latter 
acts directly on that area of the right 
auricle, the pacemaker, responsible 
lor controlling the rate of the heart: 
at the same time the Bainbridge (6) 
reflex is brought into operation. By 
this reflex there is, as a result of im- 
pulses passing up the vagus, a redue- 
ion of the normal vagus restraint 


_-_ 
— 
. 
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of the heart and increased sympathetic 
action. 

The total effect of the increased 
cardiac output and the vasoconstric- 
tion is, in spite of the local dilatation, 
a rise in blood pressure which may be 
raised to double the normal; a fact 
which, there seems little doubt, is of 
paramount importance in insuring an 
adequate supply of blood wherever 
it is required. 

In relation to industry it should be 
pointed out that the mechanisms 
which have been described are con- 
trolled by the vasomotor system, the 
activity of which varies according to 
the normal habits of the individual. 
We know, for example, that in per- 
sons accustomed to severe physical 
exercise the vagus restraint of the 
heart is greater than in those engaged 
in sedentary occupation and the 
former may be considered to have a 
greater range of adaptability. Simi- 
larly, the vasomotor systems of caged 
animals, e.g., rabbits, are usually less 
efficient than those of animals in the 
wild state. We know also that, after 
a long period in bed, we become 
specially hable to giddiness on assum- 
ing the erect posture. Further, if 
muscles are not utilized we may pre- 
sume that they do not become flushed 
as they ought and deleterious products 
will tend to accumulate. These facts 
suggest that a period of absence from 
work actually renders an individual 
physically less capable of work and 
no doubt all the more lable to suffer 
from fatigue and distaste of work. 
They tend to show also that any sys- 
tem of dole without work is funda- 
mentally unsound from the physiologic 


point of view. . This matter will be 
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dealt with in a subsequent paper on the 
subject of fatigue. It becomes evident 
then that, just as was stated in rela- 
tion to the alimentary canal, there is, as 
is apparent from the cardiac accelera- 
tion and vasoconstriction, increased 
sympathetic and diminished parasym- 
pathetic (e.g., vagus) action. 

What has been written above has 
referred to the effects of adaptation 
to exereise once it has begun. <Actu- 
ally we know that many of the changes 
deseribed have begun before the exer- 
cise and while the individual was 
merely contemplating the activity, and 
even at this stage there is increased 
eardiac action and vasoconstriction 
which result in a rise in blood pressure 
as a result of impulses which pass 
down from the higher cerebral areas. 

We have remarked in relation to 
the alimentary canal that there is a 
definite physiologic reaction during 
certain mental states, but it is also 
evident that a similar purposeful re- 
action oecurs in regard to the circula- 
tion. At the present stage we may 
simply note that it 1s agreed in indus- 
try that the mental attitude of the 
workers is of the greatest importance. 

It has long been known that any form 
of mental attention or effort is asso- 
ciated with definite changes in the 
circulation. some of 
his earliest experiments demonstrated 
a diminution in the blood volume of 
the hmbs during mental effort, indeed, 
this was the first experiment ever done 


Mosso (7) in 


by Mosso with the plethysmograph. 
He claimed also that there is a defin- 
itely increased blood flow through the 
head. 
easy to 
that the 


The former observation is quite 
well 
the 


known 
blood 


confirm. It 1s 


heart rate and 


pressure may be increased by purely 





mental effort (8). Leonard Hill has 
previously recorded a similar change 
consequent on the giving of a lecture. 
The writer has found that under 
such circumstances the blood pressure 
may rise from 110 to 160. 

The observations of clinicians are 
also of interest in this respect. Lord 
Dawson (9) has recently pointed to a 
raised blood pressure in a considerable 
proportion of schoolchildren preparing 
for examinations and it is suggested 
that mental stress may be responsible 
for many cases of high blood pressure. 
which is a common feature of modern 
life. It is, however, not claimed that 
all cases of hyperpiesis are so_pro- 
duced, but it is well recognized clini- 
cally that retirement from an active 
life will result in an appreciable reduc- 
tion in blood pressure. It has also 
been observed that in many cases of 
blood pressure there are periods of 
normality indicating that the increase 
has been produced by an active vaso- 
constriction rather than by a perma- 
nent reduction in the arterial lumen. 
MacWilliam (10) has also pointed out 
that death during sleep is commonly 
due to a rise in blood pressure during 
emotional dreams. How far a rise in 
blood pressure so produced may 
eventually lead to arterial disease is 2 
matter of debate, but certain it is that 
a considerable amount of extra work 
is thrown on the heart and may result 
in the failure of that organ. 

That severe and prolonged mental 
eventually harmful there 
appears to be little doubt, but it 1s 
just as evident that the circulatory 
change is a normal reaction and that 
manv individuals do not suffer in an} 
way from lives of great mental activity: 
indeed, they are often blessed with 


stress 1S 
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™ ‘ong life. We must presume that 
‘ndividuals differ appreciably in the 
oxtent to which they can relax, partic- 


- ularly in sleep, a fact which appears 
. +» depend on their mental make-up. 

“ome leave their worries at the office 
° or. while others not only take 
d ‘heirs home, but also dream of them. 
: \ characteristic of excessive mental 
- 


activity appears to be that it can be 
° maintained indefinitely; whereas se- 
vere muscular activity is less lkely 
to be kept up because of the physical 
fatigue which ensues and acts as a 
safeguard. We should, however, note 
that severe and prolonged physical 
work is commonly associated with 
persistent high blood _ pressure 
( sler). 

The other side of the question of 
high blood pressure must also be 
considered in some detail; namely, the 
extent to which circulatory reaction 
may contribute to efficiency, the 
more so as we know that increased 
function is usually purposeful. In 
industrial life it is, as we have said, 
well recognized that interest bears a 
definite relation to output; also, from 
work carried out in this laboratory on 
the skin circulation, it appears that 
interest in the task has similarly some 
relation to the amount of vasoconstric- 
tion which may take place in mental 
effort. Unfortunately, we have very 
uttle definite and indisputable evi- 
lence on the relation of the height of 
lood pressure to efficiency. There 
s, however, what may be described 
Sa certain amount of circumstantial 
‘idence. We know, for example, 
that the rate of recovery from fatigue 
s dependent on the circulation. We 
nay, therefore, consider it very possi- 





e that the increase in blood pressure 





and the consequent greater blood flow 
through the active part will reduce the 
liability to fatigue. 

Considerable evidence to this effect 
has been collected by Cannon (11), 
who, with Nice, has demonstrated 
that there is great improvement in the 
contraction of a fatigued muscle on 
stimulation of the splanchnic nerve, 
an improvement which cannot be 
attributed to the secretion of adrenal- 
ine, since it occurs when the renal 
veins are tied. It is, however, well 
known that such stimulation would 
bring about a large rise in arterial 
pressure. If, as appears probable, 
there is a secretion of adrenaline in 
emotion, this hormone, as shown by 
Oliver and Schifer (12) in their original 
paper, will improve muscular contrac- 
tion. ‘This has been confirmed by 
Cannon in relation to the intact 
animal but he found that this also 
occurred when minute doses of adrenal- 
ine, which bring about a fall in blood 
pressure, are used—a fact which 
suggests that in this instance the effect 
is due directly to the adrenaline rather 
than to the rise in blood pressure which 
occurs when large doses are injected. 
From the work of Gruber, in Cannon’s 
laboratory, there seems little doubt, 
however, that the actual height of the 
blood pressure produced mechanically 
does have an appreciable effect on the 
power of a fatigued muscle to recover. 

In this connection it is of interest 
to recall that the performance of 
immense feats of strength under 
conditions of exceptional stress 1s 
possible and may readily be asso- 
ciated with the high blood pressure 
which also presumably occurs in such 
circumstances. °* 


In relation to the nervous system we 
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know that the reflexes disappear when 
the blood pressure becomes depressed 
below a certain critical level, and it 
may be agreed also that there is an 
increased cerebration in high blood 
pressure during lecturing. On the 
other hand it is very difficult to obtain 
any measurements of cerebration and 
it would be impossible to assert that 
persons with high blood pressure have 
a better cerebration than those whose 
blood pressure is low. This latter 
anomaly may, however, be due to the 
fact that there are many more causes 
of high blood pressure than psychie 
stimulation, e.g., physical exercise. 
It is, however, well recognized in 
games of skill needing muscular co- 
ordination, or in athleties, that periods 
of inefficiency or staleness may occur 
and that such periods may be produced 
by excessive repetition. No explana- 
tion has ever been given for this, but 
from the foregoing it seems not un- 
hkely that some involuntary lack of 
interest. or zest may be responsible, 
the more so as we have good reason 
to believe that such a lack of interest 
may reduce the contraction of the 
unrequired vessels (13). H this is so, 
there will not be the same rise in blood 
pressure, the same bracing up, for a 
given task that there is during periods 
of efficiency. Definite experimental 


evidence on this point is, however, 
lacking. 

Of more general interest is the 
question why purely mental stress or 
interest should produce any _ bodily 
changes at all. It may be that these 
are accidental and of no value, possibly 
a physiologic relic of an age when a 
period of mental stress almost in- 
variably preceded increased muscular 
activity; but from what has been said 
the possibility cannot be excluded 
that the rise in blood pressure which 
results, by shortening the warming up 
period, is of definite value in efficient 
muscular activity. 

In conclusion it may be added that 
it is very evident that a more adequate 
understanding of the circulation may 
lead to the elucidation of some of the 
most important problems in industry 
and it is seen that intimate co-operation 
between physiology and hygiene is 
not only desirable but essential. We 
must believe that periods of ineffi- 
ciency or ill health, which are observed 
by the hygienists, are definitely the 
result of some form of adverse environ- 
ment. The function of the applied 
physiologist is to study how the en- 
vironment may affect the body, to 
indicate in what direction further 
knowledge is required, and in due 
course to suggest remedial measures 
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BOOK REVIEWS 


GQEWERBESTAUB UND LUNGENTUBERKULOSE 
STAHL-, PORZELLAN-, KOHLE-, KALK- 
STAUB UND Ruwss). Eine literarische 
und experimentelle Studie. By Dr. med. 
kK. W. Jétten, o. 6. Professor der Hygiene 
und Direktor des Hygienischen Instituts 
der Westfal. Wilhelms-Universitit in 
Minster i. W.;and Dr. med. W. Arnoldi, 
ehemal. Assistent am Hygienischen In- 
stitut in Minster i. W. Paper. Pp. 
256 with illustrations and bibliography. 
Schriften aus dem Gesamtgebiet der 
Gewerbehygiene, N.S. No. 16. Berlin: 
Julius Springer, 1927. 


This exeellent monograph opens 
with a thorough discussion of the 
literature on the subject and closes 
with an equally complete bibliography. 
These facts alone make it an indispen- 
sable part of any library on industrial 
hygiene. 

In the introduction the authors 
ake clear that the true relation of 
inhaled dust to tuberculosis is a matter 
of controversy. They believe light 
can be shed upon the subject through 
‘animal experimentation and probably 
better in this way than by statistical 


investigation of actual cases, the true 


condition of patients being so hard to 


ono rn, 1 , 
ascertain, 


The experiments utilized the follow- 
ing types of dust: 

1. Steel grindings and filings: par- 
ticles from 200 to2 microns in diameter, 
many between 10 and 2 microns. 

2. White porcelain dust: a silicate 
with the formula 4:4 Al.,OQ3°12-6 SiO, 
plus contamination of different 
amounts of KeO, NasO, CaO, MgO, 
and FeO. The SiO. content was 
69.25 per cent. The average size of 
the particles was somewhat less than 
in the case of the steel dust, particles 
of 1.5 microns being plentiful. 

A second variety of silicious dust 
contained more small particles but in 
other ways was not essentially 
different. 

3. Coal dust: This contained many 
large particles but a sufficient number 
from 3 microns to | micron in diameter 
to be comparable. 

4. Soot: again comparable in_par- 
ticle size. 

5. Lime—chemically pure Ca(OH )2: 

particle size comparable. 


The animals employed were rabbits. 
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Control experiments established the 
fact that the strains of tubercle bacilli 
used could be relied upon to produce a 
widespread pulmonary tuberculosis 
when given by inhalation, the principal 
method of infection used by the 
investigators. 

The dusts were given by means of 
inhalation apparatus of simple type 
and every effort was made to keep 
exposures uniform from day to day. 
One-hour dusting periods daily for 
several months were used to produce 
the pulmonary dust effects. Tubercle 
bacilli were given in a spray driven 
through dusting apparatus essentially 
similar to that used for the preceding 
dust inhalations. 

The different dusts exercised an 
unfavorable influence—increased the 
severity of the tuberculous infection— 
in the following order: (1) steel dust; 
(2) both types of porcelain dust; (3) 
coal dust; (4) soot. Lime gave evi- 
dence of increasing the resistance to 
tuberculosis. 

The monograph is thoroughly valu- 
able for all interested in dust problems. 
Kmphasis upon the danger of steel 
grindings has not been prominent in 
the United States, attention having 
centered upon the silicious dusts. The 
work of J6tten and Arnoldi, confirming 
previous experiments upon this point 
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from the Leipzig laboratory, should be 

followed by clinical studies in this 

country.—C. K. Drinker. 

CarL FLUGGE’s GRUNDRISS DER Hyatenr, 
FUR STUDIERENDE UND PRAKTISCHE ARzTE, 
MEDIZINAL- UND VERWALTUNGSBEAMTE, 
Tenth edition, revised by Dr. Bruno 
Heymann, A. O. Professor an der Uni- 
versitit Berlin. Cloth. Pp. 714 with 
appendix and index. Berlin: Julius 
Springer, 1927. 

The revised edition of Fliigge’s 
well-known book on hygiene contains 
a chapter on industrial hygiene which 
deals practically entirely with condi- 
tions in Germany and includes none of 
the later work in this field in the 
United States or England. Since the 
book is designed for students who wish 
a thorough perception of the various 
fields of hygiene, it is unfortunate that 
this neglect of progress extends even 
to a failure to include references to 
work outside of Germany. The same 
deficiency is found in the chapters 
dealing with atmospheric conditions. 


-C. K. Drinker. 
INTERNATIONAL Cutnics. Volume = III. 
Thirty-Seventh Series, 1927. Cloth. Pp. 
311 with index; illustrations. Philadel- 
phia and London: J. B. Lippincott Co., 
1927. 


This volume contains twenty pages 
of exceedingly elementary material on 
the general subject of industrial hy- 
giene.—C. 


K. Drinker. 











